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On    the    Temperature   Sense    : 
I.    Historical. 


In   the    course    of   an  investigation  undertaken  with  Prof. 
G.    Stanley    Hall    and   under    his    direction,     it    was    incidentally   ob- 
served  that    the    sensation    of    cold  was    felt    only   at    definite    spots 
on   the    skin. 

The    fact   was    noticed   in    this   way    :       The    sensations   of  mo- 
tion  as    derived    from   the    skin  were    being    studied   by   means    of    a  met- 
al   point    which  was   slowly    drawn   over   the    surface.         When    the   motion 
of   this   point,    which  was    controlled   by    a   suitable    apparatus,    was 
very   slow,     it    often   happened   that    it.  seemed    to    stand    still    for   a 
time    or   even   be    lost,    when   suddenly,     a    sharp    sensation    of    cold, 
distinctly    localized,    wo'^ld    recall    its    presence    and    position. 

This    occurred    so   often    that    I    find    in   my   protoca^.    for 
April    18th,     1884,     the    note    :       "point    always    felt    as    cold."         This 
fact    arrested  my   attention    and    in    connection   with   the    other  work  I 
made    several   maps   of    these    cold    spots    on    different    parts   of    the 
body.         When   the    experiments    had   reached   this   point,    an   important 
paper    by   Magnus    Blix    (1)    came    into   my   hands. 

This    investigator    started    from   the    law   of    the    specific 


energies    of    nerves,    and   took   up    the    study    of    the    dermal    sensations 
to    determine,     if   possible,     how  well    founded   was    the    contradiction 
which   they    apparently    offered   to   this    law.         Ke    employed  unipolar 
electrical    stimulation   using   a  pin    for    his    small    electrode,     and 
made    use    of    an    induction    current    so   weak    that    it    dir'    not    generally 
cause   pain.         He    thus   produced    at    one    spot    on    the    skin   a   sensation 
of   pain,     at    another   pressure,     at    a   third    cold,     and    at    a    fourth 
heat.         These    spots   were    distinctly    localized,     and    never   superpos- 
ed  on   one    another.         He    gave    special    attention    to    the    spots    from 
which  sensations    of    temperature    were    to   be    obtained.         These    he 
studied    by   means    of    a    small  metal    tube    drawn   out    to    a    conical 
point,     (Fig.    III.)    and    so   arranged    that    a    current    of   water    conld 
be    kept    flowing    through   it,     thus   enabling    the    observer    to  maintain 
the    point    at    an    approximately    constant    temperature.         Using   this 
instrument,    he    investigated    various    parts   of    the    skin,     and   mapped 
out    the    hiat    and    cold    spots    in   several    regions.  Further,     he    ap- 

plied    the    eotrireai   test    :       a   hot    and    cold    spot    having   been    found, 
the    warmed   point    was    applied   to   both,     then    the    cold.         No   sensa- 
tion   followed    the    application  of    the    warme'd   point    to    the    cold   spot, 
or    the    cold  poirtt    to   the    h6i,t    spot    ;       thus    showing   the    complete    dif- 
ferentiation  of   thes9    temperature    organs. 

Where    the    epidermis    is    thicker,    he    found    that    the    stimu- 


lus   must    be    stronger    to    get    the    desired    reaction.         This    suggests 
that    the    so-called    spots    may   only    be    the   more    superficial    portions 
of   the    nervfi-bearing    layer    of   the    skin,    which   is, in    reality, all 
sensitive.         That    this    is    not    the    ease,    however,     is    shown   by    the 
fact    that    the    stimulus   may    be    applied    to   a   neutral    spot    for    an  un- 
limited  time,    without    giving    rise    to   a   thermal    sensation.         The 
general   bearing    of    these    results   on    the    current    theories    is    kept 
in   view   throughout    the    paper.         Blix,    therefore,     concludes    that   we 
have    separate    nerves    for    heat    and    cold,     and    that    these    have    dis- 
tinct   terminations    in    the    skin,    which   can    be    demonstrated.         Some- 
what   after    the    appearance    of    this    paper    by    Blix,     Dr.  A.    aol  dschieciei 
(2),    published    the    results    of   a    vR  ry    important    series    of    experi- 
ments. 

^'S.^*^   '        At    this    point    explanation   becomes   unavoidable.         T    first 
learned    of   Goldsche  ider»  s    work   on    this    subject,     through  Mature    for 
January    I'^th,     188?^,    v/hich   contained    an   abstract    of    a    report    made 
to   the    Physiological    Society   of    Berlin   ofi   December    12th,     1884,     by 
Prof.    Eulenberg.         In   this    abstract   mention   is   marte   of    the   work   of 
both  Blix   and    Go  1  dscheider,     but    no  mention   of   the    place    of   publica- 
tion.        This   was    first    discovered   on   March    13th,     1885,    and    on    the 
following    day    I    was    able    to    consult    the    paper    at    the    office    of    the 
Surgeon   General   at    Washington.         At    another   point    I    shall     state 


y 


how   much   of    this    investigation    is    strictly    independent,     and   how 
much   imitation   of    the   work   of    the    above    authors.         The   mention   of 
these    dates,    however,    appeared    to  me    necessary   to   prevent    any   mis- 
apprehansion   of    the    relation   in   which    the    various    investigations 
stand    to    one    another. 

He    had   been    for    some    time    studying    the    specific   energies 
of    nervesi     and   in    this    connection  was    led    to    investigate    the    sen- 
sations   of    temperature.         For    detecting    the    cold   spots    he    used 
either    fine   brushes    dipped    in   ether   or    capillary   tubes    filled   with 
the    same.         For    locating    both   the    hot    and    cold    spots    he    used    small 
brass   tubes    brought    to   a    conical    point    at    one    end   and    closed    by    a 
rubber    stopper    at    the    other    ;       these    could    be    heated   or    cooled    as 
was    desired.         To   exactly  mark   the    spots    when    found,     he    used   a 
thermaes    thesiograph,     by  means    of  which   a   brush  wet    with   india   ink 
could    be    brought    down    quite    exactly   on    the    spot    which    had    been  pre- 
viously   stimulated.         I    regret,     however,     that    he    h^s    given    no    ac- 
count   of    precisely    how   he    travelled   over    the    skin   with    this    appara- 
tus*    and    thus    developed    his   maps.         Thus   working,    he    fo'^nd    that 
temperature    sensations   were    r4»sed   only    at    definite    spots.         His 
maps    show   them   as   very   much  more    abundant    than   either   Plix   or  I 
found    them. 

As    a    rule    the    cold    spots    are    most    abundant    v/here    the 
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skin   is  most    sensative    to    cold,     but    what    he    calls    first-class 
spots,     i.e.    those    which   react    strongly    on  moderate    stimulation   may 
often   be    quite    few   in    number,     whefethe    spots    of   all    grades    are    nu- 
merous. 

These    spots    are    not    alike   on    the    symfiietrical   parts    of 
the    same    individual,     nor   are    they    alike    on    the    corresponding   parts 
of    different    individuals.         What    has    been    said    for    the    cold   spots 
holds    true    also    for    the    h;ert    spots.         These    latter    are    on    the    whole 
less    abundant    than    the    former,     and    tend    somewhat    to   occupy    the 
spaces    from   which    the    former   are    absent.         There    ire    certain    spots 
which   are    roused    only    by    excessive    temperatures.  *--e    notes    also, 

that    a    spot    often    stimulated    looses    its    sensibility,     apparently 
becoming  exhausted,     for    it    does    not    react    well    until    a   more    or    less 
long    period    of    rest    has    been    allowed.         When   a    hjat    spot    is    over- 
heated,    it    sometimes    happens    that    an   hyperaest  he  st  a   is   produced, 
so   that    even   pressure    from   a   perfectly    neutral    body    give?    rise    to 
a   sensation    of    heat.  He    calls    att^^ntion    to    the    often   observed 

fact    that    the    tactile    and    thermal    sensibilities    in    different    parts 
of    the    body    do    not    vary  uniformly,    and    he    points    out    that    the    dis- 
criminative;  sensibility   when  measured   on    two    thermal   spots,    is    as 
a   rule,    much   finer   than  when  measured    in    the    ordinary   way,     and 
that    this    discrimination   is    finer    the   more    intense    the    stimulus. 


In    certain    parts,     as    for    instance    those    in   which   it    is    finest, 
discrimination    for    tactile    sensations    surpasses    that    for    tempera-' 
ture    sensations. 

These    sensations    of    temperature    can   be    ro'ised   by   mechani- 
cal   and  electrical    stimulation    as   we  1 3    as    thermal.         In    both    cases 
the    cold    spots    are   more    easily    discriminated    than   the    hj0t. 

By    sending   a   strong  electrical    current    through    the    arm 
and    parts    of    the   hand   and    thus    stimulating    certain    nerve    trunks, 
he    was    able    to    get    peripheral    sensations    of    temperature    ;       here 
too,     the    sensations    of    cold    tend   to   predominate.         He    finds    these 
spots    insensitive    to   pain   or    contact.         A   needle    may    be    plunged 
into   them,     or    excessive    temperatures    applied  without    causing    any 
feelings    of    discomfort. 

He    also  mentions    the    commonly   observed   persistence    of 
sensations    after    the    removal   of    the    stimulus. 

In    sketching    a   general    theory   of    temperature    sensations, 
he    brings    a    certain   amount    of   evidence    against    the    views   of 
Bering    ( 1  •'^  ) .         This    latter    inves  ti  gati©?)   relying  mainly    on    the 
fact    that    water   of    the    same    temperature   may    feel    cold    or   warm   ac- 
cording  as    the   hand    is    brought    into   it    from  a   warmer    or    a    colder 
vessel,     concludes    that   when    the    susceptibility   of    the    thermal    ap- 
paratus   is    decreased    for    one    kind    of    stimulus,    e.g.    heat,     it    is 
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increased   for    the    other,    e.g.     cold,     and   vice   versa    :      The    experi- 
ment     which   Goldscheider    records,    is    this    :      If   one    hand    be    put 
into   a   vessel    of   water    at    40    degrees   C.    and   kept    there    for    ten 
seconds,     then   both   this    hand   and    the    one    which,     during    the   mean- 
time   has    been   at    the    room  temperature,     be    put    into    cold   water,     the 
warmed    hand  will    feel    the    cold    ]ess    distinctly    than   the    one    which 
has    been    kept    in    the    air    of    the    room.         In   going    from   a    cold    ves- 
sel   to   a    hot    one,    heat    is    in    the    same    way    less    distinctly    felt    by 
the    hand   which   has    be'-?n   immersed.         If    now,     the    view   of   Hering 
v/ere    correct,     that    the   exhaustion    for    one    stimulus   was    correlated 
with   an    increased    sensitiveness    to    the    other,    we    should    expect    the 
immersed    hand    to    feel    the    change    of   temperature    more    acitely    than 
the    other.         This   we    have    seen   it    does    not    do. 

He    therefore    inclines    to    the    older    view   of   Weber. 

This   paper    is    further    continued    by    an    interesting    dis- 
cussion  of    the    other    sensations    of    the    skin    :       pressure,    pain   and 
tickling,     but    with   those   we    are    not    at    present    concerned. 

In    a    communication   to    the   Physiological    Society    at    Ber- 
lin  by    Prof.    Eulenberg    (3)    (Dec.     I'^th,     1884),     this    gentleman   states 
that    he    has    been   able,     in    the   main,     to    corroborate    the    results    of 
Blix   and   Goldscheider,     but    did    not    succeed    in    getting   temperature 
sensations    by   mechanical    st  imuiat  ion.  I  n    this    above    mentioned    paper, 
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chemical    stimulation    is    spoken   of   as    having    given   positive    results 
in   Goldscheider' s    hands.         As    no   mention   is   made    of    chemical    stim- 
ulation   in   any   of    the    published    papers    of    Goldscheider   which  I 
have    seen,    I    am   inclined    to   think   this    statement    erroneous. 

The    most    recent    paper    is    a   note    by   Goldscheider    (4)    in 
which   he    reaches   the    conclusion    that    the    temperatiare    nerves    often 
radiate    from   centres,     and    that    these    centres   often    coincide   with 
the    hair    follicles. 

II.    Experimental. 

As    the    work   which   had    been   in   progress    before    the    re- 
ceipt   of    Blix*    paper    involved    the    use   of  meta]    points    at    the    tem- 
perature   of    the    room,    it    naturally    followed    that    the    cold    spots 
were    alone    noticed.         The    moment    attention  was    directed   to    the 
warm   spots    their   existence    was    easily    demonstrated. 

My  first  endeavor  was  to  make  an  accurate  map  of  these 
spots  on  some  portion  of  the  skin.  Maps  had  been  made  long  be- 
fore, but  they  had  been  quite  rough,  and  hence  it  was  deene  d  worth 
while  to  repeat  the  operation.  For  this  purpose,  the  apparatus 
which  had  been  previously  in  use  was,  with  some  slight  modifica- 
tions,   employed.         This   machine   was    devised    by    Prof.    Hall,     and 
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will   be    described   in    a    forthcoming   paper,    under    the    name    of    the 
"Kinesimeter" .         The    description   about    to    be    given   is   intended    to 
make    clear   the   use    of    this    instrument    in    this    investigation   alone. 

The    essential    part    is    a    rectangular    brass    table    fT)    ( 'i  g. 
I.)    36    X   33,5    cen.    and    26,5    cen.     high,     supported   on    four    legs. 
In    the    middle    of    this    is    a    rectangular   opening   25    x   5    cen.    ;       over 
this    runs    the    car    (R),     the    wheels    of    which    fit    into    grooves   on 
either    side    of    the    opening.         7t    can   thus    be    rolled    from   one   end 
of    the    opening   to    the    other.         At    the    ends    of   the    opening    are    seen 
the    grooved  wheels    (P'     &    P"),    about    which  passes    the    endless    cord 
(N   N).         This    cord    can   be    clamped    to    the    side    of    the    car,     so    that 
when      the   wheels    are    put    in   motion   the    car    is    moved.         P"    is    gear- 
ed  v/ith  P    so    that    the   motion   of    P    is    transmitted   to   it    ;       in    this 
way,     by   putting  my    finger    on   P    and    slowly    turning    it,     a    slow  mo- 
tion   can   be    given   to    the    car. 

The    car    itself,     (Fig.    II.),     has    the    following    construc- 
tion   :       It    consists   of    a   square    brass    frame,    6x6    cen.,     supported 
on    four  wheels.         Joining    the    two   sides    of    the    frame    are    two   cross- 
pieces    (K,     K'  ),     having    between   them  a   space    1    cen.    wide.         Within 
this    space,     and    sliding    by    grooves    along    the    cross-pieces    (K    K'  ) 
is    a    cubical    block   of    brass    (not    shown    in    the    figure),    which   can 
thus    be   moved    from   one    side    of    the    car    t o   t he    other    through   a    dis- 
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tance   of    4    cen.         The   upper    side    of   K.    is   marked   off    into  millime- 
ters,   and    the    sliding    block   has   on    it    an    index   ;       by    this   means 
the    position   of    the    block    can    be    exactly    determined.         Ry   means   of 
the    screw   V,     the    groove    in   K'     can    be   narrowed    dnd    the    cubical 
block   thus    clamped   in    any    position   desired.         Through   the    centre 
of    the    block    runs    the    vertical    rod    (R   R),     10    cen.     long,     and    rectan- 
gular  in    cross-section.         This    rod    can   be  moved   up    and    dov;n,     and 
fixed   at    any   height    by    the    clamping   screw    (N),     (partly    shown    in 
the    figure).         The    lower    end    of    the    rod    bears    the    curved    arm(A.  ) 
8    cen.    long,     v/hich  swings    vertically.         At    one    end   is    the    cup    (C) 
for    holding   a    cot^nte  rpoise    weight    ;       at    the    other    the    pointed    tube 
(T)     (Fig.     IIT.)    is    soldered. 

In    Fig. I.    is    to    be    seen   the    support    (S).         This    is    a 
heavy    brass    platform,     the    height    and    inclination    of    which    can    be 

adjusted   within   wide    limits when   experimenting,     a  wooden   trough 

was    lashed   to    the    top   of    this    plate    (S),     and    in    this    trough  the 

limb,    supported    at    the    sides    by    soft    cloths,     rested. Thus    slight 

movements    of    the    limb    were    prevented,     and    the    whole    plate    could 
then    be    raised    to    the    requisite    height,     and   levelled    for    the    ex- 
periment. 

It    remains    to    describe    the    device    for    applying    the    ther- 
mal   stimulus    to   the    skin.         This   was    copied,    in    the    later   work, 
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directly    from  Blix.         A   German   silver    tube    (Fig.    III.)   was   made    in 
a  way  which   is    plain   from   the    figure.         Water   of     Lhe    requisite    tem- 
perature   v/as    allowed    to    flow    through   it,    entering    by    the    straight 
limb,     and    by   this   means    any    temperature    could    be   maintained    through- 
out   the    experiment.         The    point    of    this    tube    which   is    applied    to 
the    skin,    is    0.9   mm.    in    diameter    and    ro'^nded. 

The    part    to    be    examined   having    been   adjusted   on    the    plat- 
form   (S)    (Fig.    I.)    as    described,     the    car   was  moved    along  until    the 
point    of    the    tube    was    brought    to   rest    on   the    desired    spot.         Then, 
supposing    the    portion   of    skin   to    be    examined,     to   be    2    x   3    cen.    by 
means    of    the    gearing    above    described,     the    car   was   made    to  move 
over   the    skin   in    a    straight    line    and    at    a    slow   and   uniform   rate. 
The    point    pressing    down  with  a   weight    of    about    10    grms.         The    dis- 
tance   of   3    cen.     having    been    thus    traversed,     the    point    is    raised 
and    the    car    rolled    back   to    the    place    from   which   it    started.         Now 
by   means    of    the    block   which   carries    the    rod    (R   R)    (Fig.    II.  )    the 
point    is   moved    3    mm.     laterally,     and    the    sams    thing   repeated. 
Thus    in  mapping    out    a    space    2x3    cen.,     the    car    is    drawn   21    times 
over   the    skin,     thus   making   21    parallel    lines    or    practically    touch- 
ing  every    bit    of    skin   within   the    area.  The    fact    that    the    point 
is    .&   mm.    in    diameter    and    is   moved    1.    irun.    each    time,    is    not    incon- 
sistent   with   the    above    statement,     for    the    sinking    in   of    the    skin 
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under    the    point    brings    prr3.cti  cally    a  millimeter   of    snrface    in    eon- 
tact    with    the    point    on   each   tip. 

For    the    purpose    of   making   it    possible    to    continue    such 
observations    for   a   number   of    days,     the    hand    or    other    part   of    the 
body   v/as   marked.         To    do    this    a   point    was    located    in    the    back  of 
the    hand,     for    instance,     by    very    careful    measurments    which    could    be 
repeated   at    any    time.         In    a    line    at    right    angles    to    the    long   axis 
of    the    h'TTid,     another   point    was   marked    than   in    a    line    at    right    an- 
gles   to    the    line    joining   these    two   parts,     a   third    point    was   placed 
a    few    centimeters    distally. 

Starting    from   the    first   mentioned    point,     a    series    of    very 
fine    dots    were    placed    along    the    transverse    line    at    each   millimeter. 
There   was    thus    formed    a    line    of   21    riots    along    the    distance    of    two 
2    cen. 

The    hand    was    adjusted    so    that    the     lines    drawn    by    the 
thermal    point    coincided    with,    or   was   parallel    to,     the    line    at 
right    angles    to    this    row   of    riots    ;       by   means    of    this    device    it    was 
possible    to    arrest    an   experiment    at    any    time,     and   take    it    up   again 
from   the    exact    point    at   which  it    had    been   stopped. 

The    marking   the    skin   was   done   with   a    fine    brush   dipped 
in    an    indelible    ink.         The    permanency    of    this    marking  material    v^ras 
its    main    recommendation,     at    the    same    time    it    may    not    be    out    of 
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place  to  draw  attention  to  the  fact  that  the  slight  inflaniation 
caused  by  the  silver  nitrate,  renders  it  unsuitable  for  marking 
the    temperature    spots    themselves. 

The    position  of    the    spots    at    which  heat    or    cold   was    felt, 
was    recorded    in    the    following  way    :         On    the    car   was    a    fine    index 
which  moved    over    the    millimeter    scale    (L)    as    the    car    was    drawn 
along.         The    index   moved    one   mm.     for   each  mm.    of    skin   over   which 
the    point    passed,     so   that    if   the    position   of    the    index  was    ob- 
served   at    the    start,     the    distance    through  which   the    point    had 
moved    on    the    surface    could    at    any    time    be    readily    found.         Fifths 
of    a  millimeter    could    be    read    on   the    scale    so    that    the    position 
of   the    point    could    be    accurately    recorded.         Tn    practice    then   the 
position   of    the    index  was    noted   when    the    point    was    on   one    of    the 
dots    on    the    hand.         As    the    car   moved    on    and    a   spot    at    which   the 
temperature    was    felt,    was    crossed,    the    person   examined    called 
"hot"    or    "cold"    and   the    experimentor    noted    the    position   of    the 
index.         After    the    experiment,     the    positions    of    the    spots   were 
all    calculated    from   these    notes    and    recorded    on    paper    ruled    in 
squares    on  which   one   mm.    was    represented    by    5   mm.    thus   enlarging 
the    area   twenty-five    times.         By   using   this   means,    the    small    dif- 
ferences   in    the    positions    of    spots    could    be    recorded      without 
confusion.         The    maps    to   be    presented   were    made    in   this    way,    and 
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then   redijced    to    their    true    size,    the    points    occuring   within   .5  mm 
being    in    these    maps    united    into    a    single    point. 

There    is    of    course    t  h«    possible    source    of   error    that 
where    the    surface    is    rough    ]    mm.    in    the    scale    will    not    represent 
1    mm.    on    the    skin.         This    has    been    attended    to    and    though    it    pre- 
vents   the    use    of    this   method    of   experiment    on    certain   parts,     it 
does    not    become    of    any    importance    in    the   maps    given. 

There    is    another   error   which   should    be    noted.         The 
points    being    .9   mm.    wide,     the    lateral    position   of    a   spot    is    in 
doubt    by    .4^   mm.         All    the    spots    are    put    down    in    the    middle    of 
the    path   of    the    point    and    are    thus    so    far    inexact.         The    relations 
of    the    spots    are,     T    think,     even   under    these    conditions,     pretty 
fairly    represented.         A    number    of   preliminary   experiments    were 
made    to   see    if   any    important    variation  was    caused    by    varying   the 
direction    in   which    the    point    was    drawn    ;       the    results   were    found 
the    same,    whether   the   motion   was   up    or    down   the    limb    or    transverse, 
so   that    in   the    later   experiments    it    was    always    drawn    in   one    direct- 
ion  only.         There    is    a   slight    variation    caused    by    the   movement 
of   the    skin   itself   under    the    point,     specially    at    those    places 
where    the    skin    is    loos-^,  but   where    the   movement    is    always    in    the 
same    direction,     this    disturbing    factor    is    reduced    to    zero. 

Two    carefully    constructed   maps    are    given    (Figs.  IV    &    V) 
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for    the    left    and    right    hands    of    the    same    individua]    the    parts    being 
symmetrica].         In    this    case    the    cold    spots    are    marked   with    black 
and    the    vt&.r«HK  spots    with   red    ;       the    difference    in   size    indicates 
a    difference    in   the    intensity   and    reg'jlarity   with  which   the    sen- 
sation   could    be    obtained    from   the    different    spots.         The    smaller 
spots    being    less    sensitive. 

In    this   work   the    temperature    of    the    point    used    for 
finding   the    spots    at    which   cold   was    felt,    was    about    1^°    C,    while 
that    for    the    hot    spots    was    about    ''^O^    C,         In    the    study    of    the 
spots    on   other    parts    of   the    skin,     the    metal    tube    of    Blix  was   often 
held    in   the    hand    and    thus    moved    about,     this   method    answering    for 
certain  work   very   well.         The    other    apparatus   used   will    be    de- 
scribed   further    on. 

In    the    statement    of    results    it    will    be    necessary    to    give 
them    in    chronological    order    to    s'low    how    far    they    were    independent. 
When    first    experimenting,     a    co]  d    brass    point    1.^   mm.     in    diameter 
was    the    only    instrument    used    ;       with    this    I    had    found    that    cold 
was    felt    in    spots,     some    spots    giving    an    intense    sensation,    others 
a  weak    one.         That    the    skin    between    these    spots   was    not    sensitive 
to    cold   ;       that    the    points   were    differently    distributed    in    differ- 
ent   parts   of   the    same    individual,     and    in    similar    parts    of    different 
individuals    ;       that    they   were    very    small,     as    shown    by    the    fact 
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that    i;nless   a    spot    was    carefully   marked    it    eonld    not    be    easily 
found    again,     for    passing    the    point    even    very    close    to   it    did    not 
rouse    a    sensation    as    a   rule    ;       that    they   were    permanent ,  »r-^--'0 nee 
having    been    found    they    always    could    be    found    again    ;       that    they 
were    easily   exhaiistedii--Thi  s   was    shown   by    the    fact    that    when   the 
metal    point    was    drawn    down   the    arm,     and    a    certain    number    of    points 
were    observed,     if    it   was    again    drawn    down   immediately,     the    number 
noticed    ofi.  the    second    trip   was    almost    always    less    than   on   the 
first    ;       if    however,     some    minutes    were    allowed    to   elapse    between 
the    two   trips,     then   the    second    result    was    as    a    rule,     like    the    first. 

Having   gone    thus    far,     Blix'     paper   was    received,         Blix 
(1)    besides    noting   all    the    points   above   mentioned,     found    similar 
spots    for    heat,     and    found    that    what    was    tme    of    the    cold    spots, 
was    true    of    the    htsjt    spots    also,     so    far    as    their    arrangement    and 
distribution   were    concerned.         He    noticed    also    that    the    arrangement 
on    symmetrical    parts   was    not    symmetrical    ;       that    the    relative    a- 
bundance    of    the    two    sorts    of   spots    varied    ;       that    the    hot    spots 
were    rather    less    numerous    ;       and    that    the    two    kinds   were    always 
distinct    ;       further,     he    succeeded    in    getting    them   to    react,     not 
only   to   thermal    but    also   to   electrical    stimulation. 

It    w'ls    a   simple    matter    to    cbnfirjn  Blix'     observations 
on   the    hT4t    spots,     and    also    his    other    observations    on    the    temper- 
ature   sense.         For    this    purpose    the    modification    of    the    Kinesimeter 
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already    described,    was   nsed.         With   regard    to   electrical    stimula- 
tion   there    is    something   inore    to    be    said.         Using   Unipolar    stimula- 
tion,   with  a   pin   for    the    small    electrode,     the    sensation   of    cold 
came    out    very   plainly    at    certain   spots,     while    the    s^^nsation   of 
heat    wis    bv    no    means    so    clear    as    it    seemed    to  me,     and    tended 
strongly   to    go    over    to   burning   pain,     which  was    almost    unbearable. 
There    were    also    other    spots    at    which   the   electrode    caused   a   burn- 
ing  pain    from   the    start.         Wishing   to   try    the    effects    of    altering 
the    temperature    of    the    electrode,    I     fastened   one    wire    of    the    sec- 
ondary   coil    to   my    hollow   tube    (Fig.     Ill),     and    usinp    that,    was    thus 
enabled   to    have    my   electrode    at    any   desired   temperature.         The    ex- 
periment  was   planned    as    follows    : 

A    hot    and    cold    spot    were    marked,     then    the   electrode    was 
cooled    to    lo®    C,     and    by   it    a  weak    current    was    sent    through    the 
spots.         The    sensations    of    heat    an'-'    cold    followed    as   was    expected. 
The    temperature    was   then    rarsed    to    about   30'^    C,     and    again    the    cur- 
rent   was    applied.         A    sensation    of    heat    was    obtained    at    the    proper 
point,     but    none    of    cold.         So   when    the    temperature    was    raised    high- 
er,    the    application   of    the    current    to    the    cold    spot    gave    no   ther- 
mal   s'^'nsation   at    all.         Just    what    the   meaning   of    this    curious    re- 
action  is,    I    am   not    prepared    to    say,     but    my   experiments    on    this 
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subject    are    very    concordant.         These    observations    taken   in    connec- 
tion  with   the    fact    that    it    is    not    very    easy    to    get    a    good,     clear 
sensation    of    heat    by   electrical    stimulation,    indicate    th^it     further 
work    is    wanted    here. 

After    the   observations    of   Blix  were    thus    corroborated, 
I    continued    the   work   in    hopes   of    being   able    still    to    add    something 
to    the    information   already    collected. 

This   investigation   had    proceeded   on   the    assumption   that 
these    organs    for    heat    and    cold  were    in   the    skin.         This    idea   is 
supported    bj"^   the    fact    that    a    localized    spot    sensitive    to    tempera- 
ture,   moves    abo'Jt    as    the    skin    is   moved,     and   when    the    skin    is    rais- 
ed,    comes   up  with   it.         If    then,     these    are    in   the    skin,    it    must    be 
possible    to    cut    them   out    and  examine    them  histologically. 

A    cold   spot    and    a   hot    one    were    localized   on   my   own    skin, 
and    then    cut    out    for   me    by    Dr.   Councilman.         The    bits    of    skin    about 
3   mm.    in    diameter    and    the    same    in    thickness,    were    treated    by   the 
gold    chloride    and    formie   acid   inethod   of   Ranvier    ;       hardened   in 
alcohol,     cut    into    serial    sections   perpendicular    to    the    surface    of 
the    skin,     and   mounted   in    glycerine.         P'or    sectioning    and  mounting 
these    specimens,    I    am   indebted    to   Mr.  H.    P.    Nachtrieb. 

They    had    been   marked   with    small    dots   of    indelible   ink, 
and    the    sections    showed   beneath  the    marking    a   slight    inflammation. 
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No    difference    could    be   made    out    between    the    spot    at    whi  eh   cold   had 
been    felt,     and    that    at   which  heat   was   observed.         There    were   tiumer- 
ous    nerves    beneath   these    spots,     but    they   were    almost    as    numerous 
in   neighboring   parts.         The    r=?snlt    of    the    histological    investiga- 
tion   then,     is    so    far    completely    negative.         The    cold    spot,     it 
should    be    added,    was    taken    from    the    middle    of    the    lower    leg,     on 
the    anterior    surface,    while    the    hert    spot    came    from   the   middle    of 
the    volar   surface   of    the    forearm. 

Thinking    from  this,    that    the   organs    for    the    sensations 
of    heat    and    cold  might    be    qtute    independent    of    the    papillary    layer, 
I    examined   scars,     both  on   myself,     and   others,     about    the   laboratory. 
T    also    took   the   opportunity   to   examine    soiie    on    patients    at    the    Pay 
View  Asylum.         For    this   privilege,    i    am   indebted   to   Dr.   Jones,    the 
resident   physician. 

In    the    case    of    a  woman   with  extensive    burns,     (accident 
took  place    eighteen   months    ago)    ;       a   large    one    on    the    arm,    which 
had    quite    healed   without    much    contraction,    v/as    very   sensitive    both 
to    heat    and    cold.         The    point    felt    hotter    on   the    scar    than   on    the 
eound    skin. 

On    the    other   arm,     the    burn,     iri    healing,     had    quite    drawn 
together,     and    the    bands    of    connective    tissue    beneath,    made    the 
surface    irregular.         Here    also    both   heat    and    cold    were    felt    in 
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spots,     but   were    more    intense    on    the    superficial    than    on    the    r'eep 
parts    of    the    sear. 

In    the    case    of    a  man   who    had   two    sears    on    his    legs,     con- 
sequent   on    deep    incisions   made    some    two   years    ago,     the    s  ajne    sf^nsi- 
tiveness   was    found,    except    for    a    line    in    the    center,     about    3  mm. 
wide,    where    the    scar   was    quite    insensitive    to   contact,     as    wel]    as 
temperature.         This    line    marked    the    place    at    which   the    incision 
had    been   made.         For    a    little    distance   on   either   side    of    this    line, 
the    point     (either   hot    or    cold)    often    gave    rise    to    a   pricking   sen- 
sation.        I    later    found    the    same    pricking    sensation    from   thermal 
stimulation   of    a   large    scar    from   a   knife   wound,     on   my    ov.'n  wrist, 
made    twenty   years    ago.         Scars    from   boils    are    sensitive    to    temper- 
ature   ;       and   one    case    examined,     in   which    the    skin    had    been   mechan- 
ically  torn   away,     for    a   space    about    1x3    cen.,     and   which    was    now 
healed,    was   exquisitely    sensitive,     both   to   heat    and    cold. 

It    may    further   be    added,    that    the   places    on  my   own   sHin, 
from   which   the    spots   were    removed,     are    now   healed,    31    days    having 
elapsed    since   excision    ;       and    are,     so    far    as   I    can    tell,     as   marked- 
ly  sensitive    to    heat    and    cold   respectively,     as    they    were    before 
operation.         I    am   aware    that    these    observations    do    not    accord   with 
those    of   Weber    (5).         If   1    understand    the    statements   of    the    facts 
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as    givfin    by   Weber,     his    experiments    were   made   on   wonnds    that    had 
already   healed,    and    therafore,     similar    to    those    on    which  1    have 
above    reported.         Hi-s-~&-Va4,-6iflerjfc~-is'ftot>     however,    explicit   on    this 
-pm-nt-.         He    found    that    a   spatula    at   8.7*^-    12.'^^    C,    was    not    clearly 
distinguished    from   one    at    4"^:^    -    50*    C,    when    implied    to   surfaces 
like    burns,     on   which   the    skin   had    been    destroyed.         The    patients 
answered   the    question    "hot"    or    "cold"    as    often   wrongly    as    rightly, 
and   occasionally,     for    three    successive    times,     called    the    hot    spat- 
ula   cold,     v/hile    on    the    tminjured    part    of    the    skin    they    could    easi- 
ly   discriminate    be  tween,  t  hem.         The    temperatures    which  T    used   were 
12'-    IB®    C,     for    cold,    and   Fio^ -5Fi^    C,     for   heat    ;       but    the    appli- 
cation was  made    with   a   point    only    .9  mm.    in    diameter.         The    reason 
for    the    different    results    is,    T    think,    this    :      When  Weber    rested 
his    spatula   on    a   thermally    sensitive    spot,     the    patient    reacted    cor- 
rectly,    but    when    it    was    between   such   spots,     the    patient    had    no 
thermal    sensations,     and   was    forced    to  guess.         That    it    is   possible 
to    find    these    thermally   insensitive    regior.s,    is    pointed    out    by 
Blix,     and    confirmed    by   my    own  experience.         That    they    are    some- 
times   quite    large,    even   on   sensitive    parts,     is    plain    from  Figs.    IV 
&   V    ;       and    furthermore,    I    have    noticed   that    orj   many    scars    the 
spots    for    the    above    temperatures   were    less   abundant    than  on    the 
sound   skin.         Finally,    I    also    found    regions    on    the    scars    which 
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were    thermany   insensitive,     so   that    a   spatula   applied   to    them 
wo'Jld    have    given    the    patient    no    idea   of    its    temperature.         This    is 
to   my   mind    the    probable    explanation   of    the    contradiction   here. 

Later,    Weber    ( '^ ) ,     did   make    some   observations    on    a   fresh 
wound,     from   which   the    skin    had    been    removed   by    a    burn,     and    found 
it    insensitive    to    temperature    changes    ;       but    he    did    not    study    the 
regeneration   of    these    nerves    during    the   process    of   tealing, 
Lussana    (6),     has    lately    examined   the    scar    of    a    burn   in    the    cas©    of 
a   woman   ;       the    injury    having    occurred    thirty-five    years    before    the 
examination.         Here    the    i  nj'iry   w_^.s    very    deep,     and    the    extent    some 
10    X    12   cen.         He    states    that    in    the    region   injured,     the   tempera- 
ture   sensibility   is    diminished    ;       and    concludes    from   this    that 
this    sensation   is   more    delicate    in    the   papillary    layer    than    in   the 
tissues    beneath. 

In  this  connection  it  may  be  mentioned  that  contrary  to 
the  explicit  statement  of  Weber  ( =^ ) ,  i  find  the  oesophagus  through 
its  entire  length  sensitive  to  temperature,  both  in  myself  and  in 
a  number  of  others.  Some  individuals  do  not  distinguish  clearly 
the  temperature  of  a  body  in  the  oesophagus,  but  I  have  not  found 
them  as  numerous  as  those  that  do.  In  one  individual  who  was  sub- 
ject to  certain  dyspeptic  attacks,  accompanied  by  eructations  the 
temperature   sense    in    the   oesophagus   was    apparently    increased    dur- 
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ing    the    attacks.         The    tests    were   made    with    cold   and    hot    water   at 
a  temperature    of    4^*C,    and    about    ^0^    C.         The    passage    of    the    sub- 
stance   can,    in   rny    own    case,     be    c'istinctly    traced    from   one    end   of 
the   oesophagus    to    the    other,     as    a   sensation   of    heat    or    cold.         On 

ntering    the    stomach,     a   slight    sensation    is    felt,     but    this    is    by 
no   means    so    clear    as    that    from    the    oesophagus. 

The    Usual    statement    of    the    parts   endowed   with   tempera- 
ture   sensations   does    not    include    the    conjunctiva,    which   is    really 
quite    sensitive. 

From   all    this,    it    roJlows    that    the    end    organs    for    the 
sf^nsation   of    teiTipe  ratnre    vn.  1 3    have    to    b"    found   in    the   oesophagus, 
and    'Jon  juncti  va,     as    well    as    in    the    places    usually    named. 

The    observations    can    be    summed    up    as    follows    : 

The    parts    covered    by    skin    have    the    temperature    organs    in 
the    skin.         When  the    surfaces    beneath   the    skin   are    tested,     they 
are    found   insensitive    to    temperature. 

The   papillary    layer    is    not    necessary    for    temperature 
sensations. 

The    nerves    are    generally   regenerated    in   the    healing   of 
burns    and    other    scars,    except    in    certain   places    where    the    connec- 
tive   tissue    is    very    dense. 

To    test    the   sensitiveness    of    these    h/3t    spots    to   radiant 
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energy,    an    apparatus   was   used,    which  was   essentially    like    that    de- 
scribed   by    Pollitzer    (7). 

It    consisted   of    a   Paguelin's      thermocautery        which   could 
be    brought    to   bear    over    a    hole    in   a    thermally   opaque    diaphragm, 
The    skin    to   be  examined    being    brought    beneith    the    hole.         At    a 
given   instant    the    hole    was    uncovered   and    the   heat    fell   on    the   skin 
beneath.         The    tiire    which    elapsed    befor*^    the    individual    felt    heat, 
was    recorded.         In    this    case    it    was    permissible    to   use    the    time   as 
the    measure   of   sensitiveness,     for   within   the    region   experimented 
on,     the    thickness   of   the    epidermis   was   practically    constant. 
Moreover,     testing    the    various    distances    at    which    the    blowing   point 

was    Just    perceived,     gave    similar    results.         Ry    thermal   stimulation 

«-A^  spots 

cold,    hgrt    and    neutral. were    carefully    located    on    the    skin,     and   then 

marked.         The    patient   was   ignorant    as    to    which  was    to   be   exposed. 
The    plowing   point    was    fixed    at    a    constant    height,     the    skin  uncov- 
ered   at    a  given   signal,    and    the    patient    reacted   to    his    first    sensa- 
tion.        This    was    repeated    three    times    for   each    spot    in   every   exper- 
iment.        The    circle    of    skin  exposed  was    2  mm.     in    diameter. 
A   typical    series    of   resiilis   is   given    : 
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March    lot  h,     ISS'i.  on    J.    V.    D. 


Distance    of  Character   of 

point    in   inm.  Spot.         Time    in    secon'-'s.  sensations. 


8  Hcrt  3  Strong. 

8  Cold  25  Very   slightest. 

8  Neutral  30  No    sensation. 

8  Neutral  30  No   sensation. 

8  H0t  3  Strong. 

8  Cold  16  Very    slightest, 

8  Cold  40  No    reaction. 

8  Neutral  30  A    njere    breath. 

8  ¥,0t  6  Strong. 


It    will    be    noticed    here    that    sometimes    a    sensation   of 
heat    is    recorded    for    the    not-hot    spots.         In    some    cases    it    is,    I 
thlnK,     simply    an   error   of   e  xpi=?  riment ,     as    in    the    sixth   observation 
in   the    table    above,    'A'here   I    presume,     a   slight    displacement    of    the 
hand   exposed    the    edge    of    a   warm    spot,     and    thus    gave    a    sensation. 
The    very    faint    reactionji    sometimes   obtained    at    points   which   gave 
no   reaction   on   ordinary    stimulation  with    a  warmed    point,    is,    I 
think    due    to   spots    sensitive    to    heat,     but    brought    into   action   at 
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a    conparatively    hi  ph   temperature    only. 

It    is    to    be    mentioned,     lioweyer,     that    these    faint    sensa- 
tions  wore    never    distinctly    localized,     while    the    strong    sensations 
which   followeri    the    stimulations    of    a   hot    spot    were    very    sharply 

localized    indeed. 

An    attempt    wis   made    to    test    the    cold    spots    by    the    same 
method,     b.it    it    did    not    succeed,     it    not    being    possible    to    get    a 
low   enough   degree    of    temperature    to   give    a    good   working    distance 
for    the    apparatus.         It    was   of    course,     noticed   with    these  s  pots 
as    with    the   whole    skin,    that    the    thermal    sensation   when    roused, 
lasted    sometime    after    the    removal    of    the    stimulus    ;       in    some    cases 
several  minutes.         This    is    often   a   disturbing   element    in    certain 
experiments,     for   it    is    not    always    clear   whether    a    given   sensation 
comes    from    the    spot    in  which   the    stimulus    is    acting,     or    from    the 
spot    in    which  it    just    acted.         It    is    this    fact    which    contributes 
largely    to    the    continuity   of    the    sensation   of    temperature    when    a 
stimtilating   body    is    drawn    over    the    surface    of    the    skin. 

Having   done    thus   mwch   on   the    subject,    I     found   Goldschei- 
der's    (2)    account    of    his   own    researches.         The    new   points    in    his 
paper    bearing    on    heat    sensation,    were, the    number    of     spots    fonnd    ; 
their    distribution   ;       mechanical    stimulation    ;       their    insensibili- 
ty   to   pressure    or    pain    ;       temperati^re    sensations    from   stimulating 
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nerve    trunks    ;       and    the    increased    discriminative    sensibility    on 
these    spots. 

In    his   (naps    the    points    are    represented    as   much  i/iore    nu- 
merous   than    they    are    in    those    presented    by   either    Rlix   or   myself. 
This    is    without    doubt    due    to   the    fact    that   more    intense    stimuli, 
both    for    he-i.t    and    coir',    were   used   by   Goldscheider    than    by   either 
of   us.         His   method   was    practically    the   same    as    that    of    Blix. 
Regarding    the    arrangement    of    these    spots,     both    for    temperature    and 
pressure,    his    latest    view   is    that    they    lie    in    lines    radiating    from 
centres    ;       that    these    centres    often    coincide   with    the    hairs    in   the 
hairy   portions   of    the    skin,     and    that    in    the    hairless    parts    the    ar- 
rangement   is    apparently    the    same.         This    statement    I    have    not    yet 
tested.         He    points    out    that    these   spots    for    both   heat    and    cold 
can   be    roused    by   mechanical    stimulation,     a   slight    tapping   over    the 
surface   where    a    temperature    spot    is    located    giving    rise    to    the    sen- 
sations  of    heat    or    cold    ;       the    latter    responding   the   more    readily 
of    the    two.         These   experiments   I    have    r-^peated,     and    the    results 
are    certainly    very    striking.         Puncturing    a   temperature    spot    also 
gives    rise    to    temperature^   sensations. 

Moreover,     he    points    out    that    these    spots    are    insensible 
to    pain   or    pressure.         Repeating    these   experiments,    I    find    com- 
plete   analgesia    in    these   spots,     for   a    needle    can   be    run   into    them 
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without    giving   the    slightest    sensation   oF    pain,     but    at    the    same 
time    I    have    not    been   able    to   satisfy    myself    that   I     do    not    fee] 
pressure . 

In    certain    cases    Goldscheider    s'.icceeded   in    getting   sen- 
sation  of    temperature    by   electrical    stimulation   of    the    nerve    tmnks 
in    the    arm,     back    of    the    hand,    &c. 

These    observations   I    have    also    repeated,    using    very 
strong   electrical    currents    which   gave    almost    continuous    pain,     as 
re  comiTie  nde  d    by    Gol  dschei  der.  By    stimnlatinp:    nerves    in    the    back 

of   the    hand,    I    have    succeederi   in    getting   peripheral    sensations  of 
both   heat    and    cold    ;       the    latter    sensation    being   the   more    frequent. 
The    sensation  was    localized    in   small    areas    in    all    the    cases    which 
I    observed. 

I    am    able    also,     to    corroborate    his    statement    that    the 
discriminative    sensibility   is   much   finer    for    temperature    than    for 
tactile    sensations. 

Since  the  receipt  of  Gol  r'sehei  der' s  paper,  I  have  been 
able  to  make  one  independent  contribution  to  this  subject,  which 
so   far    as   1    am   aware    is    new. 

Dr.  M.  Warfield  c-dlled  my  attention,  a  short  time  since, 
to  the  fact  that  in  a  certain  operation  on  the  eye,  by  Dr.  Russell 
Murdoch   ;■       cocaine    havirig   been  used,     the    patient    recognized   the 

p3^&s«^F-e   of    the    knife    on    the    eye    by    a   sensation   of    cold.         Py    the 
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courtesy   of   Dr.   Mttrdoch,    I    was   enabled    to   examine    the    eyes    of    sev- 
era]    patients    at    the    Baltimore   Eye    and   Ear   Hospital.         When   the 
eye    in   these    cases   was    completely    insensible    to    pain    and    felt    no 
contact    whatever,     cold    and   warm    bodies   were    readily    distinguished. 

This    observation   I    have    been   able    to   repeat    on  my   own 
eye.         By   means    of    5   per    cent    solution   of    hydro-chlorate    of    cocaine 
the   eye    was    rendered    completely   insensitive    to   pain   or    contact, 
but    still    readily    felt    heat    and    cold.         Here    we    have    the    tempera- 
ture   sensations    completely    isolated    from   the    other    tfc/ermal    sensa- 
tions,    in   a  way   which   is    now    capable    of    easy    repetition,     and    im- 
portant   as    furnishing   another    argument    for    the    independence    of   the 
therma]    apparatus. 

Theoretical. 

The   wider    bearings    of    these    results    have    been    insisted 
on    by    both   Blix   and   Goldscheider,     but    it    may    not    be    amiss    to    call 
attention    to    them   here.         The    view   of   Weber    (5),     that    we    had    but 
a   single    apparatiis    for    both   pressure    and    temperature,    was   mainly 
based    on   the    fact    that    he    did    not    succeed    it    separating   the    spots 
on   the    skin    from  which   the    two    sensations    were    roused,     and    that 
a    cold    body    felt    heavier,     a  warm   one    lighter,     than    one,  the    tem- 
perature   of    the    skin.         Szabadfoldi     (8)    using    disks    of   wood    heated 
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to    fifty    {50^    C,  )    and    above,     found    that    warmed    bodies   were    also 
felt    heavier    than    those    not   warmed,     so    that    the    force    of   the    lat- 
ter   argument    is    much  weakened. 

Wiiinderli's     (9)    experiments    showed    that    at    obtuse    points 
like    the    back,    a   tonch  with    cotton  woo]    and    the    approach   of   a  warm 
body   were    sometimes    confotjnded.         If    these    experiments    are    taken 
to    show   a    common   or i gen    for    the    temperature    and    pressure    sensation; 
which   by    no   means    they    do,     then,     as    Rlix   points    out,    we    must    admit 
that    heat,     cold    and    pressure    of    a    certain   grade    are    all    identical, 
an    idea  which   is    absurd. 

Against    the    view   of  Weber,     there   was    from  the    start, 
the    objection    that    the    temperature    sensations    and    discriminative 
sensibility    did    not    vary   pari    passu,    as   might    have    been   expected 
from   his    theory. 

Further,     there    Is    the    pathological    evidence. 

Brown-Se  quard    (10),     as  well    as   other   observers,     have    no- 
ticed  that    in    certain    cases   where    the    sensibility   of    the    skin    is 
abnormal,    that    the    pressure    and    temperature    sense    are    not    equally 
affected,     in    fact,     in   some    cases    one   may   entirely    disappear    and 
the    other    remain    intact.         Evidence    has    also    been   brought    forward 
to   show   that    these    two   sensations    pursue    different    paths    in    the 

cord. 

Recently   Adamkiewicz    (11)    has    called    attention   to    the 
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fact    that    a   sinapism   has    a    different    effect    on    temperature    and    tac 
tile    sensibility,     for    the    sinapism   canses    no   effects    of    transfer 
for    temperature,    while   it    does    for    the    tactile    sensations. 

Herzen    (1:^!)    has    found    that    when    the    arm  is    made    to    fall 
"asleep"     tactile    sensibility    is    first    abolished,     then    sensibility 
to   pain   ;       with  the    former    the    sensibility   to    cold    disp.ppears, 
while    that    for    heat    remains   and    does  not    disappear   until    the    arm 
becomes   insensitive    to   pain.         Testing    the    rapidity   of    the    trans- 
mission   for    the    sensations    of    heat    and    eol  d,     he    found    that     the 
relative    rapidity   was   as    3    to   2. 

He    adds    the    clinical    fact    of    a   woman    v/ho   had    no    sensa- 
tions   of    temperature    from   bodies    below   27^    C.         In    this    case    the 
post-mortem   showed    the    posterior    columns    of    the    cord    in   an    atro- 
phied   condition.         He    suggests    then    that    the   sensations   of    cold 
and    pressure   pass    through    the   posterior    colTimns,    while    heat    and 
painful    sensations    are    transmitted    by    the   gray   matter. 

As    bearing    directly   on    this    que^.tion,    the    action   of 
cocaine    above    described   may    be    referred    to. 

Brucke    (13)    has    called    attention    to    the    fact    that    in 
some    cases   we    get    different    reflexes    according   as    pressure    or    ther- 
mal   stimuli    are    used. 

The    recent   writers,     Funke    (14),    Hering    (1^5),     and  others, 
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have    ass'imed    a    special    apparatus    for    the    temperature    sensations    on 
account    of    the    distinct    modality    of    the    two   sensations.         So    far    as 
I    know,     the    observations    of    Herzen    (12),    mentioned    above,     are    the 
most    important    evidence    for    the    duality   of    the    temperature    sense 
itself. 

Previously,     there    were    various    theories    current    as    to 
how  one    apparatus    conld    give    rise    to    two    sensations    as    clearly 
distinct    as    those    of    heat    and    cold. 

Weber    {^)    put    forward    the    view   that    it    was    the    act    of 
rising    or    falling    in   temperature    which    ro'^sed    the    thermal    sensa- 
tions.        Vierordt    (16)    explained   it    as    due    to    the    direction   in 
which   heat    was   passing   ;       when    the     current    was    directed    from  with- 
out   inwards,    we    had    the    sensation   of   warifeth    ;       when    from   within 
outw^ards,     the    sensation   of    cold.         Hering    relying   mainly    on   his 
contrast    and   exhaustiwB   experiments    considers    that    we    have    a   sin- 
gle   apparatus    excitable    in   two  ways,     the    two    sensibilities    stand- 
ing   in    such    relations    to    one    another,     that,     as    one    is    exhausted, 
the    other   is    reinforced.         Goldscheider   12)    rejects    this    notion   of 
the    double    action   of    a   thermal    stimulus,     on   the    grounds    of    certain 
experiments   mentioned    in    the    fir&t    part    of    this    paper.         I    have 
repeated    these   experiments    and    can   fully    confirm   the    results. 
We    have    then,     to    look  upon   our    temperature    sensations    as   mediated 
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by    two    distinct    sets    of    nerves    ;       each   set    being   qtiite   independent 
of    the   other.         The   excitement    of    one    set    gives    a    characteristic 
sensation    recognised    as    co2d    ;       the   other   a    different    sensation 
recognized    as   heat.         The    theory    cannot    be   made    to   turn   on    the 
question   as    to   whether    the    special    nerve    is    gaininp   or    losing   heat 
for,    as    these   experiments    show,     the    results    can   all    be   obtained 
with  mechanical    stimulation.         As    regards    the    after    action   on   which 
so   much   stress    has    been    laid,     that,    as    Goldscheider    remarks,    is    a 
purely    nervous   phenomenon    quite    independent    of    any    changes    of    tem- 
pe  rature. 

The    bearing   of    these    observations    to    those    on    the   meas- 
urments   of    the    sensibility    to   temperature    differences    is    consider- 
able,    and    there   seems    little    doubt    that    the   work    designed    to   test 

the    application   of    the   psycho-physic    law   to    the    skin with  its 

great    average   error will,     have    to    be,     at    leasts    reviewed    in    the 

light   of    these    new  observations.         As    to    the    influence   of   these 
results    ori    the   methods   of    testing   the    skin,    it    v/O'O  d   be   unsafe    to 
predict.         Eulenberg    (3)    in    a    very   recent    paper,     a^'vances    the   idea 
that    both    for   pressure    and   temperature    we   must    still,     as    in    the 
past,     test    on    surfaces    and    not    on    points. 

This    investigation   has    brought    to   light    some    new    facts 
and    results,    which    have,    without    doubt,     their    greatest    importance 
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in    controlling   other    lines    of   work.         Some   of    these    results,     as   I 
have   endeavored    to   show,    were    independently   worked   out    in    this 
laboratory,     but    in   presenting    a    claim   for    i  nr^ependence,    i    hope 
that   I    have    still    made    it    clear    that    to   Blix   belongs    the   priority    ; 
that    Gol  dscheider' s    paper    is    very    careful    and    complete,    and   that 
I    am   in    a    large  measure    indebted    to    both   these    observers. 

My   thanks    are    due    to   Prof.     G.    Stanley   Hall    for    his    aid 
and    advice    durinf^    this    v/ork.         I    also    gladly    take    this    opportunity 
to   thank    all    those   who   have    kindly    placed    themselves    and   their 
time    at   my    disposal,     for   experiment,     and   otherwise    assisted  me    in 
this    research. 


'A- -..   /-^ 


Psycho-Physical  Laboratory, 
March  23rd,  188'=;. 
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ICxp Variation  of    Figuro.s. 

Pip.    I.         The    K:i  ni=^i-.i;Tieter.  S^;a]e    ]-:'■;    t.hn    .-.i-ipinal    :       T,    To.b3e    ; 

R,     car   ;      1'.    H.    tindless    cord.      P,  P' ,    P",    grooved    .'/h'^els    ; 

Fig.    11.        Car.       1-2   natura3    sixe.      R.    P.,    adjtif.tihle    rod   ; 

A  ;  swinging'  arm  ;  C,  Counte  rpoi  £,e  Cup  ;  T,  Ho]  low  tube. 
Rubber  tubing  o.nd.  fl-isks  for  keopinp  a  continuous  stre,'.Bi  of 
wMter    flowing   through   the    tu.b«---r.ot    shown. 

IV.    clojiipinp    sor';w   to    hold   R,  R,    in   position    ;      K,    'Tos^;   piec« 
with   scale    ;       K' ,    nrofe.v    pieco    the    pronye    of   v/hi  ch   c-'^   be    ri-'-.r- 
rowed    ;       V,    fJla.Tiping    scr«v^    by   ■••ii-ift^  the    narrowinp;   is    effect- 
ed. 
VI,    clamps    for    fastening   tht^    en^^less    cord    to   the    car. 

Fig.    III.         Hollow  pointed    tube    actual    siJ^o.  (After    iOix.  ) 

I,    Inflow   ;      0»    Outflow   ; 

Fio*    IV.         Map    of    tho    hot    .^nd    cold   spots    on    the    b?.ck   of   the    left 

hand.         Space   2x3   cen.         T^ack   indicatoj    cold    ;      Red    he.^t    ; 
The    lar{?er   dots    ropresf-nt    the    spots  v/hlch   pi  v'^    a  strong   rr;- 
action   ;      the    siiiiller,    those    which   give   a  weak  one.        The 
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top    of    the    Map    is    peripheral,     the    bottom   central.         The    right    side 
is    the    radial    ;       the    left    the   ulnar. 

Fig.    V.         Similar   map    i'or    the    symmetrical    portion   of    the    right 

hand   of    the   same   individual.         In    this    case,     of    course,     the 
left    side    is    the    radial,     and   the    right    the   ulnar. 
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